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(54) INFRARED SOLID STATE IMAGE SENSING DEVICE 



(57) Infrared solid-state imaging elements of the 
present invention include an infrared absorbing section 
that is formed as to correspond to each pixel aligned in 
a two-dimensional pattern for absorbing incident infra- 
red radiation and converting the same into heat, a tem- 
perature detector section that is formed as to 
correspond to each pixel on a semiconductor substrate 
and are arranged of a plurality of serially connected sili- 
con pn junction diodes that are biased in a forward 
direction, a hollow section formed on each region on 
which the temperature detector section is formed on the 
semiconductor substrate, supporting mechanisms that 
are arranged of materials exhibiting large thermal resist- 
ance and which support the temperature detector por- 
tion above the hollow section on the semiconductor 
substrate, and a joint column for thermally coupling the 
infrared absorbing section and the temperature detector 
section. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to two-dimen- 
sional infrared solid-state imaging elements employing 
a thermal type infrared detector for detecting and 
absorbing incident infrared radiation and converting the 
same into heat. 

BACKGROUND ART 

[0002] A thermal type infrared detector is a device 
which temperature is raised upon irradiation of infrared 
radiation by absorbing the irradiated infrared radiation 
tat further performs detection of temperature changes. 
[0003] Fig. 11 is a bird's-eye view showing an 
example of an arrangement of a single pixel of two- 
dimensional infrared solid-state imaging elements 
employing a conventional thermal type infrared detector 
utilizing a thermal type thin-film which resistance value 
is changed depending on temperature. 
[0004] ' In the drawing, 1 denotes a semiconductor 
substrate comprised of semiconductors of e.g. silicon, 
10 an infrared detector section being disposed in a 
spaced relationship with respect to the semiconductor 
substrate 1,11a thermal type thin-film, 21 , 22 support- 
ing legs for lifting and holding the infrared detector sec- 
tion 10 above the silicon semiconductor substrate, 31, 
32 metallic wirings for supplying current to the thermal 
type thin-film, 40 a switching transistor for switching 
between ON and OFF of current running through the 
thermal type thin-film 1 1 and the metallic wirings 30, 31 , 
60 a control clock wire for controlling ON and OFF con- 
ditions of the switching transistor, and 70 a metallic 
reflecting film for forming an optical resonance structure 
with the detector section in order to increase the 
absorption of infrared radiation at the infrared detector 
section 10. 

[0005] Fig. 12 is a view showing a sectional 
arrangement along current paths of the structure of a 
pixel of the two-dimensional solid-state imaging ele- 
ments employing a conventional thermal type infrared 
detector as shown in Fig. 1 1 wherein the switch-transis- 
tor 40, signal wire 50 and control clock wire 60 are omit- 
ted since these are not directly concerned in the present 
invention. 

[0006] As already mentioned, the thermal type thin- 
film 1 1 is formed above the infrared detector section 10 
wherein the metallic wiring 31 , 32 are connected to the 
thermal type thin-film 1 1 and further connected via con- 
tact portions 122, 122 to a signal read out circuit (not 
shown) formed on the silicon semiconductor substrate. 
[0007] The thermal type thin-film 11 and metallic 
wiring 31 . 32 are covered by insulating films 100, 1 1 0 of 
silicon dioxide film or silicon nitride film wherein these 
insulating films 100, 110 constitute the mechanical 
structure of the infrared detector section 10 and sup- 



porting legs 21, 22. 80 denotes an insulating film for 
insulating the signal read out circuit and the wiring 31, 
32 that are formed on the semiconductor substrate 1, 
and the light detector section 10 is disposed above the 

5 metallic reflecting film 70 above the insulating film 80 
with a hollow section 90 being interposed therebe- 
tween. Another insulating film may be formed on the 
surface of the metallic reflecting film 70. 
[0008] Next, operations of conventional two-dimen- 

10 sional solid-state imaging elements employing such a 
thermal type infrared detector will be explained. 
[0009] Infrared radiation is made incident from a 
side at which the light detector section 10 is disposed 
and is absorbed by the light detector section 10. 

is [001 0] Owing to the presence of the metallic reflect- 
ing film 70, stationary waves of incident infrared radia- 
tion wherein the position of the metallic reflecting film 70 
forms a node are formed, and by suitably setting the dis- 
tance between the infrared detector section 10 and the 

20 metallic reflecting film 70, absorption of infrared energy 
can be increased in the infrared detector section 10. 
[0011] Infrared energy that has been absorbed at 
the infrared detector section 10 is converted into heat 
and increases the temperature of the infrared detector 

25 section 10. The degree of temperature rise is depend- 
ent on the amount of incident infrared radiation (while 
the amount of incident infrared radiation is dependent 
on the temperature and thermal emissivity of an object 
to be picked up). 

30 [001 2] Since the degree of temperature rise can be 
known by measuring a chang in resistance values of the 
thermal type thin-film 1 1 , the amount of infrared radia- 
tion that is emitted by the object to be picked up can be 
known from changes in resistance values of the thermal 

35 type thin-film 11. 

[001 3] As a material for the bolometer that exhibits 
large changes in resistance owing to changes in tem- 
perature, semiconductors of vanadium oxide (VOx) or 
the like may be employed as known from reference RW. 

40 Krise, "Uncoded IR Focal Plane Arrays", Proceedings 
Of SPIE, vol. 2552. pp. 556-563. 
[0014] In case resistance temperature coefficients 
of thermal type thin-films 1 1 are identical, the larger the 
temperature rise of the infrared detector section 10 is. 

45 the larger the change in resistance that is obtained by 
an identical amount of incident infrared radiation 
becomes, and the higher the sensibility becomes. In 
order to increase the degree of temperature rise, it is 
effective to reduce the amount of heat escaping from 

so the infrared detector section 10 to the silicon semicon- 
ductor substrate 1 as little as possible, and due to this 
fact, the supporting legs 21 , 22 are designed as to limit 
thermal resistance as much as possible. 
[001 5] It is also important to set a thermal capacity 

55 of the infrared detector section 1 0 small such that a tem- 
perature time constant of the infrared detector section 
10 becomes smaller than a frame time of the imaging 
elements. 
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[001 6] While infrared radiation is made incident into 
entire pixels, only those that are made incident into a 
portion of the infrared detector section 10 contribute to 
the temperature rise of the infrared detector portion 10 
(although some amount of infrared radiation that is 5 
made incident into the supporting legs which are close 
to the infrared detector section 10 are also effective), 
and infrared radiation that is made incident into remain- 
ing regions become ineffective. 
[0017] Due to this fact, it can be easily understood 
that it is also effective to increase an aperture ratio (a 
ratio of an area of the infrared detector section 10 with 
respect to an area of the pixel) for increasing the sensi- 
tivity. 

[001 8] In a method for detecting changes in temper- 
ature by using a borometer as explained above based 
on a conventional example, it is necessary to employ a 
material of large change in resistance caused by tem- 
perature and low noise such as vanadium oxide (VOx) 
that is usually not used in a silicon process. 
[001 9] While such a material can be treated in film- 
forming, photolithograpy or etching processes using 
similar manufacturing techniques as known for silicon 
processes, it has been difficult to perform processes in 
manufacturing lines that are used for silicon VLSI in 
view of contamination of silicon processes. 
[0020] Further, in the arrangement of the conven- 
tionally known infrared solid-state imaging device as 
shown in Fig. 11 and Fig. 12, the infrared detector sec- 
tion 10 needs to be formed at most on a region other 
than the supporting legs 21, 22 and contact portions for 
connecting these supporting legs and the read out cir- 
cuit that is formed on the silicon semiconductor sub- 
strate 1, whereby the aperture ratio was restricted by 
the design of the supporting legs, contact portions and 
interval clearance between these portions and the infra- 
red detector section 10 such that high sensitivity could 
not be obtained. 

[0021] Such problems became more remarkable 
the smaller the pixels were so that it was difficult to 
obtain high resolution using small pixels while maintain- 
ing proper sensitivity. 

[0022] The present invention has been made in 
view of the above problems, and it is a purpose of the 
present invention to provide infrared solid-state imaging 
elements which are two-dimensional infrared solid-state 
imaging elements that form a thermal type infrared 
detector on a same semiconductor substrate as a signal 
read out circuit is formed, wherein all processes except 
for a final process of eliminating a sacrificial layer (in 
case an underlying layer is etched and an overlying is 
maintained, the underlying layer that is removed is gen- 
erally called a sacrificial layer) can be performed in a 
conventional silicon VLSI manufacturing line, and 
wherein it can be realized for a thermal type infrared 
detector which is capable of achieving a high aperture 
ratio without being dependent on the design of support- 
ing legs, metallic wiring or contacts which constitute a 



heat insulating structure, whereby it is enabled to pro- 
vide infrared solid-state imaging elements which can be 
obtained through simple manufacturing processes and 
which exhibit high sensitivity. 

DISCLOSURE OF THE INVENTION 

[0023] Infrared solid-state imaging elements of the 
present invention are comprised with an infrared 
absorbing section that is formed as to correspond to 
each pixel aligned in a two-dimensional pattern for 
absorbing incident infrared radiation and converting the 
same into heat, a temperature detector section that is 
formed as to correspond to each pixel on a semiconduc- 
tor substrate and are arranged of a plurality of serially 
connected silicon pn junction diodes that are biased in a 
forward direction, a hollow section formed on each 
region on which the temperature detector sections is 
formed on the semiconductor substrate, supporting 
mechanisms that are arranged of materials exhibiting 
large thermal resistance and which support the temper- 
ature detector portion above the hollow section on the 
semiconductor substrate, and a joint column for ther- 
mally coupling the infrared absorbing section and the 
temperature detector section. With this arrangement, all 
of manufacturing processes except for eliminating sacri- 
ficial layers can be performed in a silicon VLSI process 
line, and due to the fact that active elements other than 
silicon pn junction diodes used in the temperature 
detectors can be eliminated out of pixel portions, infra- 
red solid-state imaging elements can be manufactured 
in a stable manner which exhibit improved productivity, 
which are of low cost, and which are highly uniform. 
[0024] Further, the arrangement of the infrared 
absorbing section and temperature detector section as 
separated layers and the provision of the joint column 
which is a means for mechanically and thermally cou- 
pling the infrared absorbing section and temperature 
detector section, the area of the infrared absorbing sec- 
tion which practically determines the aperture ratio can 
be increased to thereby obtain high aperture ratio and 
high sensitivity. 

[0025] Also, according to the infrared solid-state 
imaging elements of the present invention, by employ- 
ing a SOI substrate as the semiconductor substrate, the 
silicon pn junction diodes for detecting the temperature 
can easily be formed by using crystal Si as a constituent 
member. 

[0026] The silicon pn junction diodes of the temper- 
ature detector section for the infrared solid-state imag- 
ing elements of the present invention are formed in that 
a plurality of silicon pn junction diodes are arranged by 
alternately forming a p-layer and n-layer on a single 
crystal silicon layer, and in that the diodes are con- 
nected through metallic wiring between connections in a 
reverse direction at the time of applying voltage. With 
this arrangement, silicon pn junction diodes can be dis- 
posed at high density within a restricted region of an 
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area for the pixels, and the number of silicon pn junction 
diodes can be increased to thereby achieve high sensi- 
tivity. 

[0027] According to the infrared solid-state imaging 
elements of the present invention, platinum silicide that 
is formed in a self-aligned manner at an aperture por- 
tion is used as metallic wiring for short-circuiting of the 
wiring whereby simplification of processes can be 
achieved. 

[0028] According to the infrared solid-state imaging 
elements of the present invention, a p-type semicon- 
ductor substrate is employed as the semiconductor sub- 
strate and the plurality of serially connected silicon pn 
junction diodes of the temperature detector section that 
are biased in a forward direction are formed within n- 
type impurity region layers that are formed on the p-type 
semiconductor, whereby no insulating film is required 
below the temperature detector section but it can be 
coped with electrolytic etching so that conventional sub- 
strates that are cheaper than SOI substrates can be 
employed as semiconductor substrates. 
[0029] According to the infrared solid-state imaging 
elements of the present invention, the infrared absorb- 
ing section is formed of an infrared absorbing metallic 
thin-film, insulating layer and a metallic reflecting film 
whereby it can be achieved for improving absorption of 
infrared radiation by arranging the infrared absorbing 
section to be thin and to be of an interference absorbing 
structure, and thus for achieving high sensitivity. 
[0030] According to the infrared solid-state imaging 
elements of the present invention, the infrared absorb- 
ing section is formed of an insulating layer and a metal- 
lic reflecting film, a process of forming an infrared 
absorbing metallic thin-film can be eliminated such that 
simplification of manufacturing processes can be 
achieved. 

[0031] According to the infrared solid-state imaging 
elements of the present invention, since the joint col- 
umn is formed of a part of composition members of the 
infrared absorbing section, the joint column can be 
simultaneously formed with the infrared absorbing sec- 
tion such that simplification of manufacturing processes 
can be achieved. 

[0032] Further, according to the infrared solid-state 
imaging elements of the present invention, it has been 
provided for an etching stop layer exhibiting etching 
resistivity against an etchant for etching the hollow sec- 
tion at peripheral portions of a region for forming the 
hollow section within the semiconductor substrate. With 
this arrangement, there is no fear that etching is unnec- 
essarily spread, margins between structures that are to 
be formed on regions to be etched and regions not to be 
etched can be made small, and high densif ication of sil- 
icon pn junction diodes for temperature detection is 
enabled owing to the gained regions for the temperature 
detector section. 

[0033] Further, since the distance between each of 
the pixels can be made small, the pixels can be conse- 



quently made smaller such that the small sized pixels 
can be disposed at high density. 
[0034] Also, according to the infrared solid-state 
imaging elements of the present invention, constant- 

5 current sources one end of which is connected to a fixed 
potential are provided for each vertical line. With this 
arrangement, the constant-current sources provide load 
for detecting output signals for each of the vertical lines, 
and time for electric conduction can be set to be longer 

10 for each single pixel even though the number of pixels is 
increased whereby reading out of signals can be satis- 
factorily performed and noise of output signals can be 
decreased by providing narrow bandwidths. 
[0035] According to the infrared solid-state imaging 

15 elements of the present invention, resistances one end 
of which is connected to a fixed potential are provided 
for each vertical line. With this arrangement, the resist- 
ances provide load for detecting output signals for each 
of the vertical lines, and time for electric conduction can 

20 be set to be longer for each single pixel even though the 
number of pixels is increased whereby reading out of 
signals can be satisfactorily performed and noise of out- 
put signals can be decreased by providing narrow band- 
widths. 

25 [0036] According to the infrared solid-state imaging 
elements of the present invention, diodes one end of 
which is connected to a fixed potential are provided for 
each vertical line. With this arrangement, the diodes 
provide load for detecting output signals for each of the 

30 vertical lines, and time for electric conduction can be set 
to be longer for each single pixel even though the 
number of pixels is increased whereby reading out of 
signals can be satisfactorily performed and noise of out- 
put signals can be decreased by providing narrow band- 

35 widths. 

[0037] According to the infrared solid-state imaging 
elements of the present invention, the diodes which one 
end is connected to a fixed potential for each vertical 
line are arranged in that the same number of diodes of 

40 identical shape are serially connected as the silicon pn 
junction diodes of the temperature detector section for 
the pixels. With this arrangement, characteristics are 
varied similarly to silicon pn junction diodes of the tem- 
perature detector section in accordance to changes in 

45 temperature of the pixels such that the compensation of 
changes in output owing to changes in pixel tempera- 
ture is enabled. 

[0038] According to the infrared solid-state imaging 
elements of the present invention, each of the vertical 
so lines are provided with common load one end of which 
is connected to a fixed potential via a horizontal selec- 
tive transistor, whereby nonuniformity in output signals 
owing to nonuniformity in load for each vertical line can 
be eliminated. 

55 [0039] According to the infrared solid-state imaging 
elements of the present invention, the common load 
with respect to each of the vertical lines are diodes 
arranged in that the same number of diodes of identical 
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shape are serially connected as the silicon pn junction 
diodes of the temperature detector section. With this 
arrangement, nonuniformity in output signals owing to 
nonunrformity in load for each vertical line can be elimi- 
nated and characteristics are varied similarly to silicon 
pn junction diodes of the temperature detector section 
in accordance to changes in temperature of the pixels 
such that the compensation of changes in output owing 
to changes in pixel temperature is enabled. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

Fig. 1 is a view showing a sectional arrangement of 
pixels of infrared solid-state imaging elements 
according to a first embodiment of the present 
invention, 

Fig. 2 is a view showing a planar layout of the pixels 
of the infrared solid-state imaging elements accord- 
ing to the first embodiment of the present invention 
wherein the infrared absorbing section has been 
omitted, 

Fig. 3 is a view showing an arrangement of a read 
out circuit for the infrared solid-state imaging ele- 
ments according to the first embodiment of the 
present invention, 

Fig. 4 is a view showing a layout of the infrared 
absorbing section of the infrared solid-state imag- 
ing elements according to the first embodiment of 
the present invention, and 
Fig. 5 is a view showing a flow of manufacturing 
processes of pixels of the infrared solid-state imag- 
ing elements according to the first embodiment of 
the present invention. 

Further, Fig. 6 is a view showing a sectional 
arrangement of pixels of infrared solid-state imag- 
ing elements according to a second embodiment of 
the present invention, 

Fig. 7 is a view showing an arrangement of a read 
out circuit for infrared solid-state imaging elements 
according to a third embodiment of the present 
invention, 

Fig. 8 is a view showing another arrangement of the 
read out circuit for the infrared solid-state imaging 
elements according to the third embodiment of the 
present invention. 

Fig. 9 is a view showing an arrangement of a read 
out circuit for infrared solid-state imaging elements 
according to a fourth embodiment of the present 
invention, and 

Fig. 10 is a view showing a sectional arrangement 
of pixels of infrared solid-state imaging elements 
according to a fifth embodiment of the present 
invention. 

Still further, Fig. 11 is a bird's-eye view showing an 
arrangement of pixels of conventional infrared 
solid-state imaging elements, and 



Fig. 12 is a sectional view showing an arrangement 
of pixels of conventional infrared solid-state imag- 
ing elements. 

5 BEST MODE FOR CARRYING OUT THE INVENTION 

[0041] The present invention will now be explained 
in details based on the accompanying drawings. It 
should be noted that reference numerals that are iderrti- 
10 cal to those of the conventional art denote identical or 
similar items. 

FIRST EMBODIMENT 

is [0042] Fig. 1 is a view showing a sectional arrange- 
ment of pixels of two-dimensional infrared solid-state 
imaging elements employing a thermal type infrared 
detector indicating a first embodiment of the present 
invention. 

20 [0043] In Fig. 1, wiring for reading out signals that 
are formed on semiconductor substrate 1 are omitted 
for the purpose of simplification. 
[0044] As for the semiconductor substrate 1, it is 
employed a SOI (Silicon on Insulator) semiconductor 

25 substrate wherein 100 denotes an insulating layer that 
is formed of silicon dioxide film and embedded in the 
SOI semiconductor substrate 1, 300 a temperature 
detector section formed on the insulating layer 100 
which is formed of serial silicon pn junction diodes 

30 including n-type silicon regions (also called n-type impu- 
rity regions) 1a, 1b, 1c, 1d and p-type silicon regions 
(also called p-type impurity regions) 2a, 2b, 2c, 2d. 
[0045] Short-circuiting between 2a and 1b, 2b and 
1c, and 2c and 1d is performed through metallic wiring 

35 for short-circuiting 3a, 3b, 3c and only portions between 
1a and 2a, 1b and 2b, 1c and 2c, and 1d and 2d effec- 
tively function as pn junction diodes. 
[0046] Further, 110, 120 are insulating films of sili- 
con dioxide film or silicon nitride film, and 31, 31 are 

40 metallic wiring. 21 , 22 are supporting legs for supporting 
the temperature detector section 300 above the hollow 
section 200 formed in the SOI semiconductor substrate 
1. The insulating films 100, 110, 120 and a part of the 
metallic wiring 31 , 32 constitute the structure of the sup- 

45 porting legs 21, 22. 

[0047] 400 that is formed above the temperature 
detector section 300 denotes an infrared absorbing sec- 
tion for absorbing infrared radiation for conversion into 
heat, and the infrared absorbing section 400 is corn- 
so prised of the metallic reflecting film 150, insulating film 
130, and infrared absorbing metallic thin-film 160. 
[0048] Further, 1 40 denotes a joint column which is 
a means for holding the infrared absorbing section 400 
apart from the temperature detector section 300 as well 

55 as for thermally coupling the infrared absorbing section 
400 and the temperature detector section 300. 
[0049] 190 denotes an etching stop layer which is 
an etching stopper for preventing that etching is unnec- 



5 



12/6/2006, EAST Version: 2.1.0.14 



9 



EP 1 041 371 A1 



10 



essarily progressed in case isotropic etching is 
employed for forming the hollow section 200^ 
[0050] Fig. 2 is a view showing a planar layout of an 
arrangement of pixels of two-dimensional infrared solid- 
state imaging elements employing the infrared absorb- 
ing section (thermal type infrared detector) according to 
the first embodiment as shown in Fig. 1 wherein the 
infrared absorbing section 400 has been omitted. 
[0051 ] In the drawing, 1 000 denotes an entire pixel, 
500 a vertical signal wire for reading out signals and 600 
a bias wire for supplying voltage to the serial silicon pn 
junction diodes (hereinafter simply called as serial 
diodes or also diodes) as already discussed. 
[0052] Further, 1a to 1m indicate n-type silicon 
regions (n-type impurity regions), 2a to 2m p-type sili- 
con regions (p-type impurity regions) and 3ato3l metal- 
lic wiring for short-circuiting. It should be noted that the 
number of serial diodes has increased in Fig. 2 than 
compared to that of Fig. 1 , since the sensitivity can be 
improved the more diodes are connected, it is desirable 
that numerous diodes are disposed in a meandering 
manner as shown in Fig. 2. 

[0053] While the supporting legs 21, 22 and metal- 
lic wiring 31, 32 in the description assume simple 
shapes as known from conventional arrangements, it is 
preferable that length be gained through methods of lay- 
out such as meandering in order to increase thermal 
resistance. 

[0054] Fig. 3 is a view showing an arrangement in 
which the plurality of pixels as shown in Fig. 1 and Fig. 
2 are disposed in a form of a matrix to comprise imaging 
elements (while a pixel array of 4x4 is shown in the 
drawing for simplifying purposes, there will actually be 
several ten thousands to several hundred thousands of 
pixels). 

[0055] In the drawing, 101 1 to 1044 indicate pixels 
that have been denoted as 1 000 in Fig. 2, and the serial 
pn junction diodes in each of the pixels are expressed 
by a single symbol for the diodes in Fig. 3 for the pur- 
pose of simplification. 

[0056] 501 to 504 and 601 to 604 respectively cor- 
respond to reference numerals 500 and 600 in Fig. 2 
and indicate vertical signal wires and bias wires. 
[0057] 1201 to 1204 and 1301 to 1304 denote verti- 
cal and horizontal transistors which are actuated by 
clock from vertical and horizontal scanning circuits 1400 
and 1500, 1600 denotes a vertical -horizontal interface 
circuit for sample-and-holding signals which appeared 
at vertical signal wires 501 to 504 and outputting these 
to a horizontal signal wire 700, 1800 an output amplifier, 
1500 a bias power source, and 1900 an output terminal. 
[0058] Further, 1 1 01 and 1 1 04 are constant-current 
sources functioning as load each of which are arranged 
in that one end thereof is connected to a fixed potential 
per respective vertical line, wherein these may be com- 
prised of MOS transistors operating in saturation region 
or bipolar transistors. 

[0059] Fig. 4 is a view showing the plurality of pixels 



as shown in Fig. 1 and Fig. 2 in a disposed condition. 
[0060] In the drawing, the rectangles 101 1 to 1024 
as indicated by dashed lines indicate pixels denoted as 
1000 in Fig. 2, and the arrangement of the contents of 
5 the pixels is omitted expect for the joint columns 141 to 
148. 

[0061] 401 to 408 respectively indicate the infrared 
absorbing section 400 as shown in Fig. 1 which are sup- 
ported to be apart from the semiconductor substrate 1, 

10 through the joint columns 1 41 to 1 48. It is not necessary 
to form the pixels 101 1 to 1024 formed on the upper sur- 
face of the semiconductor substrate 1 and the infrared 
absorbing sections 401 to 408 on an identical region, 
and these may also be shifted with respect to the pixels 

15 as shown in Fig. 4. 

[0062] As it is evident from the drawings, the 
respective areas of the infrared absorbing sections 401 
to 408 may be areas corresponding to the area for the 
pixels excluding minor spaces formed between adjoin- 

20 ing infrared absorbing sections, whereby an aperture 
ratio (ratio of the area for infrared absorbing sections 
with respect to an area for the pixels) can be remarkably 
made high. 

[0063] Next, operations of the two-dimensional 
25 infrared solid-state imaging elements employing the 
thermal type infrared detector according to the present 
embodiment will now be explained. 
[0064] Infrared radiation is made incident from the 
side of the infrared absorbing section 400. Incident 
30 infrared radiation is absorbed at the infrared absorbing 
section 400 and the temperature of the infrared absorb- 
ing section 400 is raised. 

[0065] Changes in temperature of the infrared 
absorbing section 400 is transmitted to the temperature 
35 detector section 300 via the joint column 1 40 such as to 
raise the temperature of the temperature detector sec- 
tion 300. 

[0066] The thermal resistance of the joint column 
140 is designed to be smaller than the thermal resist- 

40 ance of the supporting legs 21 , 22, and a time constant 
that is determined by a summed thermal capacity of 
three components, that is, the temperature detector 
section 300, joint column 140 and the infrared absorb- 
ing section 400 and by the thermal resistance of the 

45 supporting legs 21 , 22 is set to be shorter than a frame 
time (time required for reading out entire signals corre- 
sponding to a single screen surface or time required for 
reading the signals of the entire pixels of the solid-state 
imaging elements). With this arrangement, in case 

so observation is performed per frame time, the rise in tem- 
perature of the temperature detector section 300 is 
almost identical to the rise in temperature of the infrared 
absorbing section 400. 

[0067] Next, it will be explained for a method for 
55 obtaining electric signals from changes in temperature 
of pixel portions based on Fig. 3. 
[0068] Operations of imaging elements during an 
arbitrary single horizontal period will be considered. 
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First, one clock output of the vertical scanning circuit 
1400 reaches a "H (high level)" condition whereupon 
one of the vertical selective transistors 1201 to 1204 is 
switched ON and (voltage from) bias power source 
1500 is applied on either one of bias wires 601 to 604. 
[0069] Though not shown in the circuit, unselected 
bias wires assume "L (low level)" conditions in which 
they are not biased. 

[0070] For instance, in which a gate (vertical selec- 
tive transistor) of 1202 is impressed with a clock to 
assume an ON condition, bias voltage is applied on the 
bias wire 602 and the bias wires 601 , 603. 604 are not 
applied with voltage. 

[0071] In this condition, only the diodes of pixels 
1012, 1022, 1032, 1042 assume a condition in which 
they are biased in a forward direction, and the diodes of 
the remaining pixels assume a condition in which they 
are biased in a reverse direction. 
[0072] In this condition, current is made to pass 
from the power source 1500 to the vertical selective 
transistor 1202 and the vertical bias wire 602 and is 
parted into four, whereupon one is made to flow from 
pixel 1012 through the vertical signal wire 501 to current 
source 1101, another from 1022 through 502 to 1102, 
and still another from 1 032 through 503 to 1 1 03 and the 
last one from 1 042 through 504 to 1 1 04. 
[0073] In this manner, although pixels only contain 
diodes for temperature detection, selected pixels are 
only pixels of biased line. 

[0074] As for diodes through which constant-cur- 
rent is made to flow in a forward direction, single ele- 
ments are already used in practice as temperature 
sensors (e.g. those of silicon diode sensor DT series 
manufactured by Lake Shore Cryotronics, Inc.), and it is 
known that an amount of voltage to be impressed that is 
required for making constant-current varies depending 
on temperature. 

[0075] More particularly, in one silicon pn diode, the 
voltage decreases by approximately 2 to 2.5 mV per 1 
degree of rise in temperature. The change in voltage 
owing to temperature is proportional to the number of 
diodes to be connected in a serial manner 
[0076] Therefore, in the above-described example, 
the amount of voltage decrease caused by the diodes 
contained in the pixels reflecting the temperature of 
each of the pixels of 1 012, 1022, 1032, 1042 differs, and 
voltage reflecting the temperature of pixels 1012, 1022, 
1032, 1042 appear at 501 , 502, 503, 504. Sample-and- 
holding of these voltages is performed at the vertical- 
horizontal interface section 1600, and signals are read 
out to the exterior through the horizontal signal wire 700 
and output amplifier 1800 by sequentially switching ON 
the horizontal selective transistors 1301 to 1304 
through driving the horizontal scanning circuit 1700. In a 
following horizontal period, another vertical selective 
transistor is turned ON to select pixels of a different line 
to repeat the same operations. 
[0077] Methods for manufacturing the arrangement 



of this embodiment will now be explained. 

[0078] As for the semiconductor substrate 1 , a SOI 

(Silicon on Insulator) silicon semiconductor substrate is 

employed. 

5 [0079] In Fig. 5(e), 100 denotes a silicon dioxide 
film that is embedded in the SOI semiconductor sub- 
strate 1, and while a thin single crystal silicon layer is 
formed in advance on the silicon dioxide film 100, this 
silicon single crystal layer is oxidized to form a silicon 

w dioxide film layer 120 except for portions which form 
diodes. 

[0080] 125 denotes a remaining crystal single sili- 
con layer which is of p-type in this embodiment. 190 is 
an etching stop layer which serves as an etching stop- 
15 per at the time of performing etching silicon in a last 
process, which is formed by thermally oxidizing its sur- 
face after trench etching and embedding a silicon diox- 
ide film or polysilicon. 

[0081 ] In Fig. 5(b). n-type impurity regions 2a to 2d 
20 are formed through ion implantation into the single crys- 
tal silicon layer denoted as 125 in Fig. 5(a). and simulta- 
neously, p-type regions are divided into 1a to 1d. 
[0082] Thereafter, after forming a thin oxide film on 
the single crystal silicon layer 125 (not shown), portions 
25 for forming metallic wiring 3a to 3c for short-circuiting 
thereon are opened, vapor deposition of platinum is per- 
formed, and platinum silicide is formed at portions 
which came in contact with silicon through thermal 
treatments. After forming the platinum siliside, platinum 
30 remaining on the silicon dioxide film can be removed by 
aqua regia, and the platinum silicide can be formed in a 
manner of self-aligning. 

[0083] Then, the metallic wiring 31, 32 are formed 
and the surface thereof is covered by a silicon dioxide 
35 film, a silicon nitride film or a complex film thereof. The 
platinum silicide may also be formed at contact portions 
at which the metallic wiring 31 , 32 and the single crystal 
silicon thin-film contact. 

[0084] In this manner, an etching window for sup- 

40 plying etchant therethrough at the time of performing sil- 
icon etching in a final process is formed as to pierce 
through the insulating films 100, 110, 120 though not 
shown in the drawings. This etching window assumes a 
shape of a white bead of Fig. 2. 

45 [0085] In Fig. 5(c), a sacrificial layer 1 80 that is later 
removed by etching is formed, and after removing a por- 
tion that is to be the joint column 140 by photolithogra- 
phy, a film that is to be the joint column is formed. 
[0086] This embodiment is arranged in that film 

so materials which are to be the joint column other than for 
the aperture portion of the sacrificial layer are removed, 
these may be formed through selective embedding or 
through etch back techniques. 
[0087] However, no inconveniences are caused at 

55 all even though members for the joint column remain 
other than for the joint column portions. 
[0088] In case polysilicon or amorphous silicon is 
employed for the sacrificial layer, it is possible to per- 
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form etching of the sacrificial layer simultaneously with 
performing etching for forming the hollow section in the 
semiconductor substrate 1 . 

[0089] In Fig. 5(d), the reflecting film 150, insulating 
film 130, and infrared absorbing metallic thin-film 160 
which are constituent members of the infrared absorb- 
ing portion 400 are sequentially formed and patterned. 
[0090] In case the metallic reflecting film 150 and 
infrared absorbing metallic thin-film 160 which are 
exposed to etchants at the time of performing etching of 
the sacrificial layer 180 and at the time of silicon etching 
do not exhibit resistivity against the etchants, the infra- 
red absorbing section 400 needs to be covered by insu- 
lating films exhibiting resistivity towards etchants from 
above and from below. 

[0091] Fig. 5(e) is identical to Fig. 1, and by per- 
forming silicon etching of the arrangement of Fig. 5(d), 
the sacrificial layer 180 and the semiconductor sub- 
strate 1 below the temperature detector section 300 are 
etched to thereby complete the heat insulating struc- 
ture. 

[0092] That is, it is realized for an arrangement 
wherein the infrared absorbing section 400 for absorb- 
ing infrared radiation and converting the same into tem- 
perature changes is coupled in a mechanical and 
thermal manner to the temperature detector section 300 
only through the joint column 140 though being dis- 
posed thereabove in a remote manner, and the temper- 
ature detector section 300 is supported by supporting 
legs 21 , 22 exhibiting high thermal resistance above the 
hollow section 200 that is formed in the semiconductor 
substrate 1 through etching in a manner in which they 
are thermally insulated from the SOI semiconductor 
substrate 1. 

[0093] In this case, the lower surface of the temper- 
ature detector portion 300 is protected by the silicon 
dioxide film 100 such that it is not etched. 
[0094] While processes for forming a peripheral cir- 
cuit have been omitted in the above explanations, the 
peripheral circuit may be either formed on the SOI sem- 
iconductor substrate 1 or on a portion of the SOI semi- 
conductor substrate 1 from which only a part of the 
single crystal silicon layer 125 and the silicon dioxide 
film 100 corresponding to the peripheral circuit portion 
have been removed. 

[0095] In the above embodiment, explanations have 
been made based on a case in which only one joint col- 
umn 140 has been provided, but there may be provided 
a plurality of joint columns. This is also true for all of the 
following embodiments. 

[0096] Also, while the position of the joint column 
140 is arbitrary, it is preferable that this position be one 
at which the infrared absorbing section 400 can be 
mechanically supported and at which no large tempera- 
ture distribution is caused for the infrared absorbing 
section 400. 

[0097] A most preferable position at which this con- 
dition is met is a position below a center of gravity of the 



infrared absorbing section 400. This is also true for all of 
the following embodiments. 

[0098] Further, it is necessary to design the thick- 
ness of the joint column 140 such that it has a thermal 
5 resistance that is sufficiently smaller than the thermal 
resistance of the supporting legs thermally connecting 
the temperature detector section and the SOI semicon- 
ductor substrate 1 such that no . large difference is 
caused between the temperature of the infrared absorb- 
to ing section 400 and that of the temperature detector 
section 300. This is also true for all of the following 
embodiments. 

[0099] While the infrared absorbing section 400 of 
the above embodiment is of three-layered arrangement, 
is H may be of single-layered or two-layered arrangement 
and also be of an arrangement including more than 
three layers as long as infrared radiation can be 
absorbed. 

[0100] The infrared absorbing section 400 needs 
20 not to be of single structure wherein all of the layers are 
arranged continuously, but also of an arrangement 
wherein a part of the layers are removed. 
[0101] While the joint column 140 and the infrared 
absorbing section 400 are arranged as different struc- 
25 tures in the above embodiment, the joint column 140 
may also be arranged by using at least a part of the 
members of the infrared absorbing section 400. 
[0102] While an etching stop layer 190 is provided 
in the above embodiment, the etching stop layer 190 
30 may also be omitted in case regions which remain free 
of etching sufficiently remain with regard to etching mar- 
gins, and the etching stop layer may alternatively be 
provided only on a part in the periphery of the hollow 
section 200. 

35 [0103] As explained so far, the infrared solid-state 
imaging elements according to the first embodiment are 
comprised with an infrared absorbing section 400 that is 
formed as to correspond to each pixel aligned in a two- 
dimensional pattern for absorbing incident infrared radi- 

40 ation and converting the same into heat, a temperature 
detector section 300 that is formed as to correspond to 
each pixel on a semiconductor substrate 1 and is 
arranged of a plurality of serially connected silicon pn 
junction diodes that are biased in forward direction, a 

45 hollow section 200 formed in each region on which the 
temperature detector section is formed on the semicon- 
ductor substrate 1 , supporting mechanisms (supporting 
legs 21, 22) that are arranged of materials exhibiting 
large thermal resistance and which support the temper- 

so ature detector portion 400 above the hollow section on 
the semiconductor substrate, and a joint column 1 40 for 
holding the infrared temperature absorbing section 400 
apart from the detector section 300 while thermally cou- 
pling the infrared absorbing section 400 and the temper- 

55 ature detector section 300. With this arrangement, all of 
manufacturing processes except for eliminating the sac- 
rificial layers can be performed in a silicon VLSI process 
line, and due to the fact that active elements other than 
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silicon pn junction diodes used in the temperature 
detectors can be eliminated in pixel portions, infrared 
solid-state imaging elements can be manufactured in a 
stable manner which exhibit improved productivity, 
which are of low cost, and which are highly uniform. 
[0104] * Further, the arrangement of the infrared 
absorbing section 400 and temperature detector section 
300 as separated layers and the provision of the joint 
column 140 which is a means for mechanically and ther- 
mally coupling the infrared absorbing section 400 and 
temperature detector section 300, the area of the infra- 
red absorbing section 400 which practically determines 
the aperture ratio can be increased to thereby obtain 
high aperture ratio and high sensitivity. 
[0105] Also, by employing a SOI substrate as the 
semiconductor substrate, the silicon pn junction diodes 
fa detecting the temperature can be easily formed by 
using crystal Si. 

[0106] The silicon pn junction diodes of the temper- 
ature detector section 300 are formed in that a plurality 
of silicon pn junction diodes are arranged by alternately 
forming a p-layer and n-layer on a single crystal silicon 
layer, and in that the diodes are connected through 
metallic wiring 3a to 31 between connections in a 
reverse direction at the time of impressing voltage. With 
this arrangement, silicon pn junction diodes can be dis- 
posed at high density within a restricted region of an 
area for the pixels, and the number of silicon pn junction 
diodes can be increased to thereby achieve high sensi- 
tivity. 

[0107] Further, platinum silicide that is formed in a 
self -alignment manner is used as a metallic wiring 3a to 
31 for short-circuiting at an aperture portion of the wiring 
whereby simplification of processes can be achieved. 
[01 08] The infrared absorbing section 400 is formed 
of infrared absorbing metallic thin-film 160, insulating 
layer 130 and metallic reflecting film 150 whereby it can 
be achieved for improving absorption of infrared radia- 
tion by arranging the infrared absorbing section to be 
thin and to be of an interference absorbing structure, 
and thus for achieving high sensitivity. 
[0109] By forming the infrared absorbing section 
400 of a layer including an insulating film and a metallic 
reflecting film, a process of forming the infrared absorb- 
ing metallic thin-film 160 can be eliminated such that 
simplification of manufacturing processes can be 
achieved. 

[01 1 0] By forming the joint column 1 40 of a part of 
composition members of the infrared absorbing section 
400, the joint column 1 40 can be simultaneously formed 
with the infrared absorbing section 400 such that simpli- 
fication of manufacturing processes can be achieved. 
[011 1] Further, by the provision of the etching stop 
layer 190 exhibiting etching resistivity against an etch- 
ant for etching hollow section 200 at peripheral portions 
of a region for forming the hollow section 200 within the 
semiconductor substrate 1. With this arrangement, 
there is no fear that etching is unnecessarily spread, 



margins between structures that are to be formed on 
regions to be etched and regions not to be etched can 
be made small, and high densification of silicon pn junc- 
tion diodes for temperature detection is enabled owing 
5 to the gained regions for the temperature detector sec- 
tion. 

[0112] Also, constant-current sources 1 101 to 1 104 
one end of which is connected to a fixed potential are 
provided for each vertical line. With this arrangement. 

10 the constant-current sources provide load for detecting 
output signals for each of the vertical lines, and time for 
electric conduction can be set to be longer for each sin- 
gle pixel even though the number of pixels is increased 
whereby reading out of signals can be satisfactorily per- 

is formed and noise of output signals can be decreased by 
providing narrow band widths. 

SECOND EMBODIMENT 

20 [0113] While isotropic etching is performed for 
forming the hollow section 200 in the SIO semiconduc- 
tor substrate 1 in the above first embodiment, it is also 
possible to employ anisotropic etching. In such a case, 
by utilizing face (100) as the SIO semiconductor sub- 
25 strate 1 , the etching speed is abruptly decreased at a 
stage at which face (111) has appeared despite the 
absence of an etching stop layer so that etching can be 
performed without unnecessarily expanding the region 
for the hollow section. 
30 [01 1 4] A sectional shape of pixel portions in such a 
case is shown in Fig. 6. 201 denotes a hollow section 
that is formed through anisotropic etching. 

THIRD EMBODIMENT 

35 

[01 1 5] While signals have been detected by provid- 
ing constant-current sources 1 101 to 1 104 for each line 
in the first embodiment as shown in Fig. 3, these may 
also be replaced by load resistances 1 1 1 1 to 1 1 14 or 
40 load diodes 1 121 to 1 124 as shown in Fig. 7 or Fig. 8. 
[0116] It should be noted that a case of load 
through diodes is arranged in that the same number of 
diodes assuming identical shapes as diodes of the pixel 
portions are serially connected with the pixel diodes for 
45 providing load, and connecting points between the pixel 
diodes and load diodes are output. 
[0117] When the hollow section 200 or 201 is not 
formed below diodes for providing load in such a case, 
load diodes are thermally well coupled to the semicon- 
so ductor substrate 1 whereas characteristics of diodes of 
the pixel portions (that is, the silicon pn junction diodes 
of the temperature detector section 300) are changed 
by incident infrared radiation, so that characteristics of 
the load diodes are hardly changed by incident infrared 
55 radiation from the exterior. 

[0118] Therefore, owing to the differences in char- 
acteristics between the diodes of the pixel portions (that 
is, the silicon pn junction diodes of the temperature 



25 



30 



35 



40 



45 



50 



9 



12/6/2006, EAST Version: 2.1.0.14 



17 



EP 1 041 371 A1 



18 



detector section 300) and the diodes for providing load 
upon receipt of incident infrared radiation, outputs are 
varied. 

[0119] While characteristics of diodes are deter- 
mined by the absolute temperature, changes in temper- 5 
ature owing to incident infrared radiation are changed 
with a temperature of diode elements themselves being 
a point of origin, and the fact that changes in the tem- 
perature of the elements result in changes in the abso- 
lute temperature of the pixel diodes (that is, the silicon 
pn junction diodes of the temperature detector section 
300) at the time of receiving incident infrared radiation 
leads to problems. 

[01 20] However, since changes in characteristics of 
the load diodes take also place in accordance with the 
absolute temperature of the elements, it can be com- 
pensated for changes in output owing to changes in the 
temperature of the elements by making the load diodes 
exhibit identical temperature characteristics as the pixel 
diodes (that is, the silicon pn junction diodes of the tem- 
perature detector section 300). 
[0121] As explained so far, the infrared solid-state 
imaging elements according to the third embodiment is 
arranged in that load resistances for 1111 to 1114 for 
detecting output signals one end of which is connected 
to a fixed potential are provided for each vertical line. 
With this arrangement, the time for electric conduction 
can be set to be longer for each single pixel even though 
the number of pixels is increased whereby reading out 
of signals can be satisfactorily performed and noise of 
output signals can be decreased by providing narrow 
bandwidths. 

[0122] Further, loaddiodes 1121 to 11 24 for detect- 
ing output signals one end of which is connected to a 
fixed potential are provided for each vertical line. With 
this arrangement, the time for electric conduction can 
be set to be longer for each single pixel even though the 
number of pixels is increased whereby reading out 'of 
signals can be satisfactorily performed and noise of out- 
put signals can be decreased by providing narrow band- 
widths. 

[01 23] Also, since the load diodes 1 1 21 to 1 1 24 one 
end of which is connected to a fixed potential per verti- 
cal line are arranged in that the same number of diodes 
having identical shapes as the silicon pn junction diodes 
of the temperature detector section 300 for the pixels 
are serially connected, characteristics are allowed to 
change similarly to the silicon pn junction diodes of the 
temperature detector section 300 in accordance with 
changes in temperature of the elements so that com- 
pensation of changes in output owing to changes in 
temperature of the elements can be performed. 

FOURTH EMBODIMENT 

[0124] The second embodiment and third embodi- 
ment are arranged in that constant-current sources, 
resistances or diodes are arranged for each row and in 



that sample-and-holding of signals can be performed in 
the vertical-horizontal interface section 1600 for tempo- 
rally storing signals. Alternatively, it is possible to pro- 
vide a common load 1 1 30 for each of the rows as shown 
in Fig. 9 that is comprised of either one of the constant- 
current sources, resistances or diodes which is then 
connected to the horizontal signal wire 700 row by row 
through a single horizontal scanning circuit. 
[0125] In this method, it is necessary to perform 
electric conduction per pixel, so that in case the number 
of pixels is increased, time allotted for reading out of a 
singe pixel is shortened so that reading out can not be 
sufficiently performed or that a bandwidth for a fre- 
quency for reading out a single pixel is widened so that 
noise may be generated. However, in case the number 
of pixels is small, the utilization of such an arrangement 
employing common load rather than one providing sep- 
arate loads for each row is effective in preventing nonu- 
niformity in output owing to nonuniformity in loads for 
each row such that favorable picture images may be 
obtained. It should be noted that in case the common 
load 1130 is comprised of diodes, it is employed an 
arrangement wherein the same number of diodes of 
identical shapes as the diodes for the pix§! portions 
(that is, silicon pn junction diodes of the temperature 
detector section 300) are serially connected to the 
diodes of the pixel portions to provide load and thus to 
output connecting points of the pixel diodes and load 
diodes. 

[0126] When the hollow section 200 or 201 is hot 
formed below diodes for providing load in such a case, 
load diodes are thermally well coupled to the semicon- 
ductor substrate 1 whereas characteristics of diodes of 
the pixel portions (that is, the silicon pn junction diodes 
of the temperature detector section 300) are changed 
by incident infrared radiation, so that characteristics of 
the load diodes are hardly changed by incident infrared 
radiation from the exterior. 

[0127] Therefore, owing to the differences in char- 
acteristics between the diodes of the pixel portions (that 
is, the silicon pn junction diodes of the temperature 
detector section 300) and the diodes for providing load 
upon receipt of incident infrared radiation, outputs are 
varied. 

[0128] While characteristics of diodes are deter- 
mined by the absolute temperature, changes in temper- 
ature owing to incident infrared radiation are changed 
with a temperature of diode elements themselves being 
a point of origin, and the fact that changes in the tem- 
perature of the elements result in changes in the abso- 
lute temperature of the pixel diodes (that is, the silicon 
pn junction diodes of the temperature detector section 
300) at the time of receiving incident infrared radiation 
leads to problems. 

[01 29] However, since changes in characteristics of 
the load diodes take also place in accordance with the 
absolute temperature of the elements, it can be com- 
pensated for changes in output owing to changes in the 
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temperature of the elements by making the load diodes 
exhibit identical temperature characteristics as the pixei 
diodes (that is. the silicon pn junction diodes of the tem- 
perature detector section 300). 

[01 30] Further, while the first to fourth embodiments s 
have been explained based on a case in which a SOI 
semiconductor substrate is employed as a semiconduc- 
tor substrate 1 , it is also possible to employ a semicon- 
ductor substrate wherein single crystal silicon is formed 
through means such as laser re-crystallization on a sili- 10 
con dioxide film formed on a silicon semiconductor sub- 
strate. The silicon dioxide layer needs not be present on 
the entire surface of the silicon semiconductor substrate 
but reside only at a region at which the hollow section is 
to be formed in the semiconductor substrate (more par- is 
ticularly, an underlying surface of the temperature 
detector section 300), and it is also possible to employ, 
for instance, a SIMOX arrangement formed by ion 
implantation of oxygen. 

[01 31 ] As explained so far, each of the vertical lines 20 
of the infrared solid-state imaging elements according 
to the fourth embodiment are provided with a common 
load 130 one end of which is connected to a fixed poten- 
tial via horizontal selective transistors 1301 to 1304, 
whereby nonuniformity in output signals owing to nonu- 25 
niformity in load for each vertical line can be eliminated. 
[0132] Further, the common load 1 1 30 with respect 
to each of the vertical lines are diodes arranged in that 
the same number of diodes of identical shape are seri- 
ally connected as4he silicon pn junction diodes of the 30 
temperature detector section of the pixels. With this 
arrangement, nonuniformity in output signals owing to 
nonuniformity in load for each vertical line can be elimi- 
nated and characteristics are varied similarly to silicon 
pn junction diodes of the temperature detector section 35 
in accordance to changes in temperature of the pixels 
such that the compensation of changes in output owing 
to changes in pixel temperature is enabled. 

FIFTH EMBODIMENT 40 

[0133] Fig. 10 is a view showing a sectional 
arrangement of pixels according to a fifth embodiment 
of the two-dimensional infrared solid-state imaging ele- 
ments employing a thermal type infrared detector as 
according to the present invention. 
[0134] In the drawing, 301 denotes a temperature 
detector section, and as it is evident from the drawing, 
the arrangement of pixels of the second embodiment is 
different from that of the first embodiment in that the so 
arrangement of the respective temperature detector 
sections are different. 

[0135] In the fifth embodiment, the semiconductor 
substrate 1 is a p-type silicon semiconductor substrate, 
and 1 2 in the temperature detector section 30 1 denotes ss 
a n-type impurity region wherein the pn junction diodes 
for detecting the temperature are formed in the n-type 
impurity region 12. 



[0136] For forming the hollow section 200 in the 
semiconductor substrate 1. it is employed for an electro- 
lytic etching method as disclosed in "Micro-machining 
and Micro-mechatronics" by Esashi, Fujita, Igarashi and 
Sugiyama (BAIFUUKANN), p. 19-p.20. 
[0137] In an electrolytic etching method, n-type 
impurity regions remain without being etched while the 
p-type silicon semiconductor substrate is etched so that 
an arrangement as shown in Fig. 10 can be obtained. 
[0138] In Fig. 10, 1a, 1b, 1c comprise p-type impu- 
rity regions, 2a, 2b, 2c n-type impurity regions, and 1a- 
2a, lb-2b, 1c-2c pn diodes for temperature detection. 
[0139] The respective pn diodes are serially con- 
nected by the metallic wiring 3a, 3b. The n-type impurity 
regions 2a, 2b, 2c and the p-type impurity regions 1a, 
1b, 1c are applied with voltage in that they are respec- 
tively biased in reverse directions. Similarly to the first 
embodiment, the more pn diodes are serially con- 
nected, the higher the sensitivity becomes. 
[0140] The infrared solid-state imaging elements 
employing the pixels of this embodiment can be oper- 
ated by the same circuit as shown in the first embodi- 
ment. 

[01 41 ] As explained so far, according to the infrared 
solid-state imaging elements according to the fifth 
embodiment, it is employed for a p-type semiconductor 
substrate as the semiconductor substrate 1 and the plu- 
rality of silicon pn junction diodes of the temperature 
detector section 301 that are serially connected and 
biased in a forward direction are formed within a layer of 
the n-type impurity region 12 provided above the p-type 
semiconductor. With this arrangement, no insulating 
film is required below the temperature detector section 
301, electrolytic etching can be performed and conven- 
tional substrates that are cheaper than SOI substrates 
can be employed as semiconductor substrates. 

INDUSTRIAL APPLICABILITY 

[0142] As explained so far, the infrared solid-state 
imaging device according to the present invention is 
suitable for realizing infrared solid-state imaging ele- 
ments of improved productivity, of low cost and of high 
uniformity wherein all processes except for a process of 
eliminating a sacrificial layer can be performed in a con- 
ventional silicon VLSI manufacturing line by forming sil- 
icon pn junction diodes for pixel portions exhibiting both 
functions of temperature detection and pixel selection. 

Claims 

1 . An infrared solid-state imaging element formed cor- 
responding to each pixel of a two-dimensional 
imaging array comprising: 

an infrared absorbing section formed corre- 
sponding to each pixel of an two-dimensional 
imaging array and converting incident infrared 
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radiation into heat; 

a temperature detector section formed corre- 
sponding to each pixel on a semi-conductor 
substrate having a plurality of pn junction 
diodes connected in series and biased in for- 
ward direction; 

a hollow section formed under each tempera- 
ture detector section; 

a supporting leg having a large thermal resist- 
ance and supporting each temperature detec- 
tor section on each hollow section; 
a joint column holding the infrared absorbing 
section on the temperature detector section in 
a separate manner and thermally connecting 
the infrared absorbing section and the temper- 
ature detector section. 

2. The infrared solid-state imaging element of claim 1 , 
wherein a SOI (silicon on insulator) substrate is 
used as the semiconductor substrate. 

3. The infrared solid-state imaging element of claim 1 , 
wherein the pn junction diodes of the temperature 
detector section are formed in a single crystal sili- 
con layer in a form of a plurality of p-type layers and 
n-type layers arranged alternatively and each con- 
nection between the p-type later and n-type later 
biased in reverse direction when applied with a volt- 
age is connected with metal wiring. 

4. The infrared solid-state imaging element of claim 3, 
wherein the metal wirings connecting the pn junc- 
tion diodes are formed of plutinum siliside. 

5. The infrared solid-state imaging element of claim 1 , 
therein the pn junction diodes of the temperature 
detector section are formed in n-type region embe- 
ded in p-type semiconductor substrate. 

6. The infrared solid-state imaging element of claim 1 
or 5, wherein the infrared absorbing section is com- 
prised of a infrared absorbing metal thin film, an 
insulating film, and a reflecting metal film. 

7. The infrared solid-state imaging element of claim 1 
or 5, wherein the infrared absorbing section is com- 
prised of an insulating film and a reflecting metal 
film. 

8. The infrared solid-state imaging element of claim 1 
or 5, wherein the joint column is formed of a part of 
consisting material of the infrared absorbing sec- 
tion. 

9. The infrared solid-state imaging element of. claim 1 , 
wherein the hollow section is provided with an etch- 
ing stoper layer around its periphery. 



10. The infrared solid-state imaging element of claim 1 
or 5, wherein a constant current source one end 
connected to a fixed potential is provided for each 
vertical line of the two-dimensional pixel array. 

5 

11. The infrared solid-state imaging element of claim 1 
or 5. wherein a resistor one end connected to a 
fixed potential is provided for each vertical line of 
the two-dimensional pixel array. 

10 

12. The infrared solid-state imaging element of claim 1 
or 5, wherein diodes one end connected to a fixed 
potential is provided for each vertical line of the two- 
dimensional pixel array. 

15 

13. The infrared solid-state imaging element of claim 
12, wherein the diodes comprised a plularity of 
identical diodes to the diodes used in the tempera- 
ture detector section in number and shape. 

20 

14. The infrared solid-state imaging element of claim 1 
or 5, wherein each vertical line of the two-dimen- 
sional pixel array is connected to a common load 
through a respective horizontal scanning transistor. 

25 

15. The infrared solid-state imaging element of claim 
14, wherein the common load comprised a plurality 
of identical diodes to the diodes used in the temper- 
ature detecting section in number and shape. 

30 
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FIG. 6 
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FIG. 7 
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